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Abstract
The Unionville Serpentine Barrens are a part of Natural Lands Trust’s ChesLen Preserve in Unionville,
Chester County, Pennsylvania. This area of the Preserve is underlain with serpentine rock (serpentinite),
known for its high magnesium and low calcium content, which inhibit growth in most plants. However,
certain plants are tolerant of these conditions, and a very few have evolved a set of traits that confine them
almost exclusively to this soil.1 The Unionville Barrens exist today in large part because of disturbances such
as corundum mining, wildfires, and grazing that have prohibited plant succession from grassland to forest. The
Unionville Barrens are home to at least 15 plant species that are categorized as endangered, threatened, or
rare.2 The inspection of a series of aerial photographs taken from 1937 to 2002 clearly shows the decline in
area of serpentine grassland from 58.1 acres in 1937 to just 8.9 acres in 2002. In order to sustain the rare plant
communities, the grassland must be conserved and, where possible, forested areas converted back to
grassland. In order to prioritize grassland restoration areas to make the most efficient use of limited land
management resources, it is necessary first to understand if, and how, the rate of succession from grassland to
forest is associated with soil conditions or other measurable features of the landscape. This research analyzes
the status of current plant communities and their associated soil depths and other characteristics as they relate
to the aerial photographs. A grid of 105 points placed 65 meters apart was overlain on top of the Unionville
Barrens restoration study area. Soil horizon depth and color, soil depth to bedrock, and surrounding plant
communities were recorded at each of these points. Statistical and spatial analyses of these results determined
that certain variables best retrospectively “predicted” the likelihood of a quick succession from grassland to
woods, when examining this data against a chronosequence of aerial photographs from 1937 to 2010. It was
assumed that areas that underwent rapid succession from grassland to woods would require too costly a
disturbance regime to sustain the grasslands long-term. Therefore, the restoration priority areas will be
selected based on areas where succession must have occurred recently, or where measurements indicated a
slow succession rate.
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ABSTRACT 
 
UNIONVILLE SERPENTINE BARRENS: 
ANALYZING THE RELATIONSHIP BETWEEN SOIL PROFILES AND FOREST 
SUCCESSION RATE 
 
Elizabeth Haegele 
 
Dr. Roger Latham 
 
The Unionville Serpentine Barrens are a part of Natural Lands Trust’s ChesLen 
Preserve in Unionville, Chester County, Pennsylvania. This area of the Preserve is 
underlain with serpentine rock (serpentinite), known for its high magnesium and low 
calcium content, which inhibit growth in most plants. However, certain plants are tolerant 
of these conditions, and a very few have evolved a set of traits that confine them almost 
exclusively to this soil.
1
 The Unionville Barrens exist today in large part because of 
disturbances such as corundum mining, wildfires, and grazing that have prohibited plant 
succession from grassland to forest. The Unionville Barrens are home to at least 15 plant 
species that are categorized as endangered, threatened, or rare.
2
 The inspection of a series 
of aerial photographs taken from 1937 to 2002 clearly shows the decline in area of 
serpentine grassland from 58.1 acres in 1937 to just 8.9 acres in 2002. In order to sustain 
the rare plant communities, the grassland must be conserved and, where possible, 
forested areas converted back to grassland. In order to prioritize grassland restoration 
areas to make the most efficient use of limited land management resources, it is necessary 
first to understand if, and how, the rate of succession from grassland to forest is 
                                                           
1 Roger E. Latham. “Protecting the Unionville Barrens: Biological, Historical and Value Considerations.” 2005. 
 
2 Latham 4 
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associated with soil conditions or other measurable features of the landscape. This 
research analyzes the status of current plant communities and their associated soil depths 
and other characteristics as they relate to the aerial photographs. A grid of 105 points 
placed 65 meters apart was overlain on top of the Unionville Barrens restoration study 
area. Soil horizon depth and color, soil depth to bedrock, and surrounding plant 
communities were recorded at each of these points. Statistical and spatial analyses of 
these results determined that certain variables best retrospectively “predicted” the 
likelihood of a quick succession from grassland to woods, when examining this data 
against a chronosequence of aerial photographs from 1937 to 2010. It was assumed that 
areas that underwent rapid succession from grassland to woods would require too costly a 
disturbance regime to sustain the grasslands long-term. Therefore, the restoration priority 
areas will be selected based on areas where succession must have occurred recently, or 
where measurements indicated a slow succession rate.  
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 INTRODUCTION 
The Unionville Serpentine Barrens are a temperate grassland ecosystem that is 
underlain with serpentinite rock and that is home to a significant number of rare, 
threatened, and endangered plant and animal species. While the serpentine barrens 
contain forest, woodland, and grassland, it is the latter that are home to the majority of 
rare species, even though they make up the smallest amount of area. However, many of 
these important species are diminishing in population as the grasslands shrink in size 
because of an interruption in the disturbance cycle that had maintained them for 
thousands of years. In order to maintain the populations of the species of concern, the 
grassland habitat must be restored to a larger size and maintained by reintroducing the 
disturbance cycle in a resource-effective manner. To guide this effort, we must determine 
what to measure now that will allow us to prioritize management of the site most 
effectively and efficiently in the near and distant future, given limited resources. 
Serpentinite 
 Serpentinite rock is formed from the serpentine mineral group which has a general 
formula of (MgFe)3Si2O5(OH)4. This mineral is characterized by long, fibrous crystals.
3
 It 
is a hydrous magnesium silicate with a high amount of iron, nickel, and chromium.
4
  
The origin of the name of serpentinite comes from northern Italy where a snake 
that resembles the color of serpentine rock lives on outcrops of the rock.
5
 Serpentinite 
                                                           
3 Dunn, Kevn T. Traces on the Appalachians: A Natural History of Serpentine in Eastern North America. New 
Brunswick: Rutgers University Press, 1988. p. 140. 
 
4 Edgar T. Wherry. 1963. “Some Pennsylvania Barrens and Their Flora: I. Serpentine.” Bartonia 33: 8. 
 
5 Wherry 7-11. 
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was formed in cracks in the seafloor a half-billion years ago. It was brought to the North 
American continent during the formation of Pangaea, which also thrust up the 
forerunners of the Appalachian Mountains. The serpentinite existed inside these 
mountains and over a hundred million years of erosion, it became incorporated into the 
landscape in parts of the Piedmont, the geomorphic province lying between the Ridge and 
Valley and Coastal Plain provinces (see Figure 1).
6
  
 
Figure 1: DCNR’s map of Pennsylvania Physiographic Provinces with Chester County indicated in red box 
Serpentine soil is a moist loam; however it is not a productive agricultural soil 
because of its unique chemical makeup. The soil that is formed from serpentinite is 
known for a high amount of heavy metals and magnesium, as well as low amounts of 
calcium, nitrogen, phosphorus and potassium, which inhibit growth in most plants.
 7
 
These soils are also shallow with a high clay content. When European settlers attempted 
                                                           
6 Dunn 140 
 
7 Karen B. Arabas. “Spatial and Temporal Relationships among Fire Frequency, Vegetation, and Soil Depth in an 
Eastern North American Serpentine Barren.” Journal of the Torrey Botanical Society, Vol. 127, No. 1: 51-65. 
 
Chester County 
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to farm on this soil, it soon became evident that it would not sustain plant growth in the 
same manner of the surrounding soils of the Piedmont. Thus, the term “serpentine 
barrens” was coined, which refers to the inability of serpentine soils to sustain 
agricultural crops. While typical Piedmont plants and agricultural crops are not adapted 
to grow in these soils, certain plants can tolerate the conditions and a few plants have 
evolved a set of traits that confine them almost exclusively to this soil.
8
  
Serpentine grasslands and disturbance 
 Serpentine grasslands are home to an unusual assemblage of plants that tolerate 
the distinct conditions of the soils underlain with serpentinite. Along with the distinctive 
characteristics of serpentine soil, disturbance has also been a factor in creating and 
sustaining the patchwork of this landscape. Disturbances such as controlled burns, 
wildfires and mining, among others, have played a role in maintaining serpentine 
grasslands by preventing the natural process of forest succession, which is the process of 
gradual replacement on the same piece of land of a non-forest plant community with one 
dominated by trees.
9
 
Historically in the eastern United States, Native Americans burned grasslands as a 
way to improve habitat for wild game as well as to increase the visibility for safety 
reasons and hunting. They also may have used controlled burns as a way of increasing the 
reproductive and growth rates of particular edible plants that respond well to fire, such as 
blueberries or other members of the Ericaceae family. These acts of disturbance 
                                                           
8 Roger E. Latham. “Protecting the Unionville Barrens: Biological, Historical and Value Considerations.” 2005. 
 
9 Latham 13-14. 
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prevented many of the grassland areas from succeeding to forest, and some have 
subsequently continued to be home to a variety of plant species of concern.  
However, due to the European displacement of Native Americans, and the 
subsequent removal of their use of controlled fire, many of the grasslands that once 
existed in North America have succeeded into forests. The exceptions to this were some 
areas with very thin or poor soil that did not foster a quick succession into forest and 
which were not useful agriculturally. Even still, over hundreds of years, many of these 
areas have grown into forests, unless some kind of disturbance continued to maintain the 
grasslands. 
In the eastern United States, serpentine outcrops are scattered across the 
Piedmont. Due to the high demand for land in this part of the country over the last 
century, however, developers have used many ecologically important serpentine barrens 
as places to build homes and businesses, effectively destroying the ecosystems.
10
 The 
Unionville Barrens is one of the few remaining serpentine grasslands in the East and 
home to numerous plant species of special concern, making it particularly important to 
properly restore and manage this area.
11
 
Unionville Serpentine Barrens 
 The Unionville Serpentine Barrens are located on the ChesLen Preserve near 
Unionville, Chester County, Pennsylvania (see Figure 2). The ChesLen Preserve is 
owned by Natural Lands Trust (NLT) who established a preserve on the property in 2007. 
                                                           
10 Wherry 8 
. 
11 Latham 4. 
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The Unionville Barrens are a section of the preserve underlain with serpentinite and 
encompass less than 10 acres of serpentine grasslands.  
 
Figure 2: Cheslen Preserve  
The Unionville grasslands have most likely been in existence for at least a 
thousand years.
12
 They are likely the remnants of a formerly much larger grassland 
complex covering many soil types in addition to serpentine soils, created and maintained 
by Native Americans who used burning as a way to maintain grassland for visibility and 
species control.  
                                                           
12 Latham 3. 
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There are grasslands still at the Unionville Barrens in part because of corundum 
and feldspar mining that took place there from the 1820s to around 1900.
13
 The 
Unionville Barrens were once referred to as Corundum Hill because of the importance of 
the corundum mining operation. Corundum is an aluminum oxide that is extremely hard, 
second only to diamonds.
14
 Its powder form was used extensively as an abrasive for 
grinding, cutting and polishing purposes.
15
 These active mines throughout the Unionville 
Barrens functioned as enough of a disturbance to prevent the succession of some of the 
grasslands to forests, which has allowed the barrens to continue to sustain rare plant 
communities. The fire once used by the Native Americans was replaced with extractive 
mining that supported a growing country.  
Mining at this site ended over a century ago, however, and since then there is no 
record of any other type of major disturbance for most of the Unionville Barrens area 
except that livestock grazing may have held forest succession at bay for the first three or 
four decades of the twentieth century.
 
Since around the time of the earliest aerial 
photograph of the site in 1938, the grasslands have undergone the process of succession. 
The area of serpentine grassland declined from 58.1 acres in 1937 to just 8.9 acres in 
2002 (see Figure 3). This is also clearly visible in a series of aerial photographs taken of 
the Unionville Barrens from 1937, 1958, 1971, 1992, 2002, and 2010 (see Appendix A). 
Almost 85% of the grassland area from 1937 was lost due the succession of grassland to 
                                                           
13 Latham 13. 
  
14 “Corundum Mining in the Piedmont Province of Pennsylvania” Nancy C. Pearre. Commonwealth of PA Department 
of Environmental Resources  Bureau of Topographic and Geologic Survey; 1958; Harrisburg, pgs. 1-2. 
 
15 Leidy, Joseph. ""New Corundum Mines of Pennsylvania"." West Chester Local News, 1886. 
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forest by 2002. This decline in grassland area also resulted in the decline in suitable 
habitat for the plant species whose distribution in the region is partly or wholly restricted 
to serpentine grasslands. 
 
Figure 3: Historic extent of grasslands using 1937, 1992 and 2002 aerial photographs overlain on top of 2008 
photograph. 
The Unionville Barrens are home to at least 15 plant species that are categorized 
as endangered, threatened, or rare (see Table 1).
16
 These plants have traits that enable 
them to survive in the unusual conditions of serpentine soil. Because the amount of 
serpentine grassland in this country continues to decline, the areas that are still able to 
                                                           
16 Latham 4 
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sustain rare plant communities must be properly conserved, and if possible, more areas 
converted back to grassland. 
Species common name Species botanical name Status in PA 
Bicknell’s hoary rockrose Helianthemum bicknellii Fern. Endangered 
Bicknell’s sedge Carex bicknellii Britt. Endangered 
prairie dropseed 
Sporobolus heterolepis (A. Gray) A. 
Gray Endangered 
Richardson’s sedge Carex richardsonii R. Br. Endangered 
serpentine aster Symphyotrichum depauperatum Fern. 
threatened (in the 
state and globally) 
annual fimbry 
Fimbristylis annua (All.) Roemer & 
Schultes Threatened 
round-leaved fameflower Phemeranthus teretifolius Pursh Threatened 
side-oats gramma Bouteloua curtipendula (Michx.) Torr. Threatened 
Appalachian groundsel Packera anonyma A. Wood Rare 
few-flowered nutrush Scleria pauciflora Muhl. ex. Willd. Rare 
Heller’s witch grass Dichanthelium oligosanthes Schultes    Rare 
long-haired panic grass Dichanthelium villosissimum Nash Rare 
small white snakeroot Eupatorium aromaticum L. Rare 
tufted hairgrass Deschampsia cespitosa (L.) Beauv. Rare 
water oak Quercus nigra L. 
not previously 
reported in the wild 
Table 1: Rare plant species confirmed at the Unionville Barrens. 17 
  
                                                           
17
 Latham 5 
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Plant Succession Rate 
One hypothesis that explains the rate of succession from grassland to forest is that 
as the soil profiles become deeper due to increased leaf litter and organic matter 
deposition by trees, the underlying mineral soil is diluted and plants are increasingly 
shielded from its effects, supporting a quicker conversion. This is an example of a 
positive feedback or self-reinforcing process. It is likely, however, that the areas with 
deeper soil profiles will grow weedy vegetation instead of serpentine grassland 
communities upon disturbance. This complicates the issue of serpentine grassland 
restoration because soils that contain more organic matter than typical soils found on 
serpentine grasslands may not revert to grasslands upon disturbance.  
Prior research implications 
Eric Dubinsky studied the Nottingham Serpentine Barrens in Chester County, 
Pennsylvania in 1995 and determined that across the ecotone from grassland through 
serpentine woodland or greenbrier thicket to mesic forest, both the soil depth and amount 
of organic matter increased.
18
  This result suggested that disturbance indeed does play a 
role in the development of soil. The relationship between disturbance, litter accumulation 
and soil erosion is a self-reinforcing loop. A serpentine grassland has a small amount of 
leaf litter accumulation due to the structure of grassland plants. Their leaves are also 
usually very flammable. When fire is introduced into the grassland, only a small amount 
of leaf litter is folded into the soil, and therefore only a small amount of organic matter 
                                                           
18 Eric Dubinsky and Roger E. Latham. “The Interdependence of vegetation type and soil depth in eastern temperate 
serpentine barrens.” Unpubl. undergraduate thesis, University of Pennsylvania, Philadelphia, 1995. 12 pp. 
10 
 
forms in the soil. This soil and the lack of tree shade then continue to support plants that 
thrive in the conditions of the serpentine barrens with its thin soils and small amount of 
organic matter. When fire is not present, leaf litter accumulates and produces more 
organic matter, which then supports seedling establishment of other kinds of plants 
whose decomposing leaves may be flame retardant, such as common greenbrier (Smilax 
rotundifolia), Virginia pine (Pinus virginiana) and red maple (Acer rubrum). The 
continual addition of organic matter allows succession to progress. This is one 
explanation for Dubinsky’s findings that organic matter and soil depth increase from 
grassland through open woods and greenbrier thickets into forest. 
Karen B. Arabas conducted a study of the Nottingham Serpentine Barrens, 
published in 2000, that attempted to quantify vegetation change and to relate that change 
to land-use and disturbance history of the site. She hypothesized that soil depth acts in 
conjunction with human activities and disturbances. This study showed for the first time 
that spatial variation in serpentine barrens vegetation corresponds with disturbance 
variation.
19
  From this study also came the conclusion that forest succession will continue 
unless fires are reintroduced to the plant community.
20
  
 From the conclusions of these previous studies, there is a clearer understanding of 
the role that disturbance and organic matter play in plant succession. With this 
knowledge, the field data collection and spatial and statistical analysis of the Unionville 
Barrens was undertaken in an attempt to gain further insight into what factors we can 
measure that will best predict the likelihood of each part of the Unionville Barrens 
                                                           
19 Arabas 62. 
 
20 Arabas 63. 
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landscape responding to management by remaining as woods, succeeding quickly to 
woods, succeeding slowly to woods, or remaining a grassland for a long time without 
further management.  These results will aid in the prioritization among the different areas 
of the barrens for grassland restoration. This prioritization effort will be based on the 
level of ease with which the areas can be restored and maintained as grasslands on a long-
term basis with limited resources.  
  
12 
 
METHODS 
Data Collection 
A grid of 105 points spaced 65 meters apart was overlain on the map of the 
Unionville Barrens restoration study area to produce a sample grid (see Figure 4). The 
study area is based on the extent to which the grassland covered the area historically, 
based on 1937 and 1992 aerial photography. The following describes the data gathering 
process for each point on the study area sample grid:  
1. Use a Trimble GeoX handheld GPS data collection device (see Appendix B) with 
the map of the Unionville Barrens restoration study area sample grid loaded to 
navigate to each point.  
a. If GPS signal is not available for some of the points, they are located using a 
sighting compass and tape measure from the nearest GPS-located sampling 
point. While the location is not as exact as when using the Trimble, the level 
of error is within acceptable limits.  
2. Upon arrival at each point, record the latitude and longitude according to the 
Trimble for future reference. Then conduct a survey of the vegetation and make 
notes of the major plant species growing in the immediate area. If there are any 
very large trees, measure the dbh (diameter at breast height) and take note of that 
as well.  
3. Describe the area around each point and designate as one of the following 
categories:  
a. OF = Oak forest  
b. OW = Oak woodland  
c. GR = Serpentine grassland  
13 
 
d. ED = Edge  
e. MF = Mesic forest  
f. GT = Greenbrier thicket  
 
(Forest = 60% to 100% tree cover. i.e., the crowns of the trees often touch 
each other; woodland = 25% to 60% tree cover, i.e., there is space 
between most tree crowns.)  
As well as a simpler description using either:  
 
a. F = Forest or woodland  
b. O = Open  
 
4. Then measure or roughly approximate the depth of the leaf litter that consists of 
whole or only partially broken down leaves and describe the kinds of leaves in 
addition to the depth.  
5. Use a 60-inch long, 3/8-inch diameter, stress-relieved, high-carbon steel soil 
probe (see Appendix B) to take three soil depth measurements in close proximity 
to the point by inserting the probe until the depth of refusal. Three measurements 
are taken to account for pieces of broken rock that may prevent the probe from 
being inserted deeper, but which may not actually represent the placement of the 
bedrock.  
6. Use a 19-inch long, 3/4-inch diameter soil tube sampler (see Appendix B) to 
extract soil and examine its horizons. Measure the depth of each soil horizon and 
then determine the hue, value, and chroma of each horizon (except the O layer) 
using a Munsell soil color chart (see Appendix B).  
a. The O horizon is measured only for depth.  
14 
 
b. The A, B, and C horizons are measured for depth and also for hue, value 
and chroma, as described above.  
 
All of this information was recorded on paper data sheets (see Appendix C) in the 
field and then later entered into an Excel spreadsheet. After the data were gathered, the 
maximum, mean, and median of each of the three soil depths was calculated (see 
Appendix D). Additionally, the thicknesses of combined horizons B+C and A+B+C were 
calculated (see Appendix D).  
 
Figure 4: Map of Unionville Barrens Restoration Study Area Sample Grid  
15 
 
Data Analysis  
After the field data were formatted into an Excel spreadsheet, it was then also 
imported into ArcGIS by Mike McGeehin, GIS Analyst at Natural Lands Trust. A series 
of ArcGIS tools and procedures were used to attempt to explain the data derived from the 
fieldwork. The following describes the data analysis process using ArcGIS and statistical 
analyses. 
 The series of aerial photos of the Unionville Serpentine Barrens from 1937, 1958,  
1971, 1992, and 2010 (see Appendix A) were reclassified into wooded versus non-
wooded areas in order to examine more clearly the successional changes from year to 
year. The two techniques that were used to reclassify these maps were the Normalized 
Difference Vegetation Index (NDVI) and standard image classification in ArcGIS. 
 The near-infrared (NIR) band of the 2010 image (see Figure 5) was used with the 
NDVI classification tool to divide the image into two classes: dense vegetation and 
sparse vegetation (see Figure 6). The NIR band shows the reflectivity of plant materials, 
which the NDVI tool uses along with the chlorophyll pigment absorption in the red band, 
to generate an image showing relative plant biomass (or “greenness”). NDVI is a 
standardized index that will produce a new image showing the two desired classes when 
used in ArcGIS. The formula that ArcGIS uses to fit into an 8-bit structure, which is 
necessary for it to produce a map, is: 
NDVI = ((IR - R)/(IR + R)) * 100 + 100 
IR = pixel values from the infrared band  
 R = pixel values from the red band  
 
16 
 
 
Figure 5: 2010 4 Band (NIR) 1m True Color Image taken July 4th, 2010 
 
Figure 6: 2010 4 Band (NIR) 1m True Color Image with NDVI layer divided into two classes: dense vegetation 
(green) and sparse vegetation (brown)  
The 1990 aerial image (see Figure 7) as well as the 2008 image (see Figure 8) was 
used with NDVI classification to highlight the coniferous vegetation (see Figure 9) using 
the following equation: 
NDVI = (Band2 — Band1)/(Band2 + Band1) 
All NDVI results are located in Appendix E. 
17 
 
 
Figure 7: 1990 Aerial photograph with NDVI classification showing wooded area 
 
Figure 8: 2008 3 Band 1ft True Color Image taken March/April 2008 
18 
 
 
Figure 9: 2008 3 Band 1ft True Color Image Photo taken March/April 2008 with NDVI layer showing mostly 
conifers (red) 
Standard image classification was used in ArcGIS on the 1937, 1958, and 1971 aerial 
photographs (see Figures 10-12). This type of classification is a process that converts the 
multiband raster image of the aerial photographs into a single-band raster with classes 
such as “wooded.” This “wooded” class was then used to make a map clearly indicating 
the wooded areas from the non-wooded areas.  
 
Figure 10: 1937 Aerial photograph with wooded areas selected into one class 
19 
 
 
Figure 11: 1958 Aerial Photograph with wooded areas (dark green) and lesser wooded areas (light green) 
 
Figure 12: 1971 Aerial Photograph with wooded areas selected into one class 
There is the possibility for some uncertainty in the boundaries created by NDVI 
because of variables such as parallax, topography, and lens distortion in the older photos. 
Additionally, the GPS readings can also have a small amount of uncertainty. Because of 
these possible uncertainties, when a boundary of either the wooded or open categories 
falls near a sampling point, it was not always clear which side of the boundary the 
sampling point is located. These uncertainties were handled by using the nearest-distance 
tool in ArcGIS. This tool indicates how far away from the nearest boundary of the other 
cover type each sampling point is located. By examining those distances, it is clear that 
20 
 
they are inversely correlated with the level of certainty about whether the NDVI 
classification of that point is correct. The nearest distance data can be found in Appendix 
F.  
 Each sampling point was then classified according to its detailed successional 
history (see Appendix E). A map was also created in ArcGIS that clearly shows each 
category and its occurrence (see Figure 13). All valid, usable points fell into one of the 
following groups, depending on when it was determined that the area succeeded from 
“open” (grassland) to “wooded”: 
Successional history categories Reason 
Wooded Wooded since before 1937 
Forties Wooded since between 1937 and 1958 
Sixties Wooded since between 1958 and 1971 
Eighties Wooded since between 1971 and 1990 
Naughts Wooded since between 1990 and 2010 
Stable or Recent_stable Still grassland in 2010 
Recent_disturbance Recent disturbance 
Table 2: Successional history categories 
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Figure 13: Map of Successional History Groups
 Kriging interpolation is a way of using the mathematics of probability to estimate 
the values of a variable across a two
has only been measured at a relatively few points on that surface, usually in a grid 
pattern. Because the soil data were collected at 65 meter spaced sampling points, kriging 
interpolation was used to estimate the values of each measured soil attribute in all of the 
raster cells between sampling points. This tool relies on spatial autocorrelation
 
 
-dimensional surface (such as the ground) when it 
—the 
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tendency of conditions to be more similar between nearby points than between points that 
are farther apart.  
Kriging interpolation maps were made for each of the measured variables listed 
below with the ArcGIS parameters shown in Appendix G. Those layers were overlain on, 
and compared with, the chronosequence of aerial photo images of the Unionville Barrens, 
enabling the examination of relationships between the soil profiles and the rate of 
succession. The Kriging Interpolation maps results can be found in Appendix H. 
Measured variables used in kriging and discriminant function analysis were:  
Maximum depth to bedrock 
Oi+Oe thickness 
A horizon thickness 
A horizon value 
A horizon chroma 
 
 Discriminant function analysis is a statistical tool that analyzes a variety of data 
gathered from research subjects or sites already classified into groups to determine which 
variables best distinguish one group from another. For purposes of the Unionville Barrens 
research, the soil variables at each sampling point were analyzed to see which, if any, 
best distinguish the successional history groups (see Table 2). The analysis was 
conducted in a forward stepwise manner, testing each soil variable in turn and keeping 
only those whose power to distinguish the groups was determined to be statistically 
significant (P < 0.05). An additional discriminant function analysis was then conducted 
testing the ability of the same measured soil variables to discriminate among present-day 
vegetation types (see list under item 3 on page 12)  If the discriminant function analysis 
results include more than one significant measured soil variable, the variables are 
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combined into a set of artificial, orthogonal (uncorrelated) variables referred   to as the 
first root, second root, etc., with the first root having the strongest power in 
discriminating among the groups..  
Box-and-whisker plots were used to compare the central tendency and variability 
of each variable across vegetation categories to help in interpreting the results of the 
discriminant function analyses.  
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RESULTS 
Through the efforts of the fieldwork, soil horizon data for 105 points placed 65 
meters apart within the Restoration Area Sample Grid was gathered (see Appendix D). 
The historical aerial photographs of the Unionville Barrens were reclassified to decipher 
the wooded areas from the non-wooded, or open, areas (see Figures 7-12). These maps 
overlain on top of each other show the extent to which the grasslands have declined to be 
significant since 1937.    
Once each point was categorized into its successional history category, Kriging 
interpolation was used in ArcGIS to interpolate this data for the raster cells in between 
each sampling point. The kriged maps (see Appendix H) were compared with the 
reclassified aerial photographs to examine the relationships between the soil profiles and 
the rate of succession.  
A discriminant function analysis was performed, it was determined that only A 
horizon thickness contributes significantly to discriminating among successional history 
groups as well as present-day community types (see Appendix I). This occurred because 
for both the present day data and successional history data, the “stable” category has a 
thicker A horizon than all of the other categories.  
Box-and-whisker plots were developed that showed the A horizon as being 
closely correlated to both the successional history categories and the present-day 
observed community type (see Appendix J). 
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DISCUSSION 
The initial expectation of the results of the Unionville Barrens soil study, based on 
Eric Dubinsky’s prior research at the Nottingham Barrens, was that the soil depth would 
be strongly related to present community type and/or successional history. However, 
Dubinsky’s results were not replicated in this research, most likely because of the major 
difference of sampling scale. Dubinsky sampled at 1 meter intervals along short transects, 
and the samples taken at the Unionville Barrens were spaced 65 meters apart.  
The influence of the scale of data collection in the field is important to note 
because of the types of interpretations that can be made based on the spacing of the 
sampling points. The 65 meter spaced sampling points of this Unionville Barrens 
research lends itself to determining large-scale trends. However, at smaller scales, the 
interpolated data in between these sample points is very unlikely to be accurate for every 
meter. 
 Through the discriminant function analysis and the box-and-whisker plots, it was 
shown that the A horizon thickness is significantly associated with present-day 
community type. It is possible that the thick A horizon that develops under grassland 
vegetation quickly degrades after the vegetation succeeds to woods.  
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CONSERVATION IMPLICATIONS: SETTING RESTORATION PRIORITIES 
The soil data collection and analysis will provide a basis for mapping and 
prioritizing the grassland restoration areas. These areas will be those judged to have the 
best potential for successful and efficient grassland restoration efforts, given limited 
management resources. Analyzing the A horizon kriged map (see Appendix H) along 
with the successional history map (see Figure 13), the 2008 LiDAR vegetation map (see 
Appendix K), and the 2008 NDVI map showing conifer cover (see Figure 9) also will 
provide a basis for setting priorities for these restoration areas.  
 Once the priority areas have been determined, the restoration ground work is 
scheduled to begin in 2011. The prioritized areas will be subject to a variety of treatments 
including, but not limited to: 
- selective tree cutting 
- invasive species removal and eradication 
- soil organic matter and Smilax rhizome removal 
- seedbank augmentation 
- maintenance burning 
- restoration burning 
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CONCLUSION 
This study of the Unionville Barrens identified the A horizon as being important 
in predicting the rate of succession from grassland to forest on a serpentine barren. 
Additionally, it assisted in prioritizing a number of areas of the barrens for grassland 
restoration work. The grassland restoration effort is slated to begin in 2011. Subsequent 
soil analyses similar to this study could aid in a better understanding of the impacts to the 
soil of the variety of restoration techniques. Further research is recommended to better 
understand the future impacts of these restoration efforts on the soil and on plant 
succession, including a new plant survey on the areas that were restored. 
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APPENDICES 
Appendix A: Aerial Photographs from 1937
1937 Aerial Photograph 
1958 Aerial Photograph 
1971 Aerial Photograph 
- 2010 
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1992 Aerial Photograph with green areas indicating “open” 
 
 
2002 Aerial Photograph with green areas indicating “open” 
 
 
2010 Aerial Photograph 
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Appendix B: Tools used for data collection 
    
 
 
  
 
 
  
Trimble GeoX handheld GIS data 
collection device 
60-inch long, 3/8 inch diameter, 
stress-relieved, high carbon steel 
probe  
19-inch long, 3/4-inch diameter soil 
tube sampler 
Munsell® Soil Color Charts 
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Appendix C: Sample Data Sheets for field work data collection:
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Appendix D: Field data results by sample point 
Sample 
point 
number Latitude Longitude 
Maximum 
depth to 
bedrock 
(cm) 
Mean 
depth to 
bedrock 
(cm) 
Median 
depth to 
bedrock 
(cm) 
Oi+Oe 
thickness 
(cm) 
1     25 17 14 5.0 
2 44186161.46 439112.6 17 12 11 2.0 
3 4418554.82 439112.02 57 33 31 0.5 
4 4418492.47 439171.61 52 44 49 0.0 
5 4418434.55 439230.99 20 15 14 2.0 
6 4418315.36 439044.52 17 12 11 3.0 
7 4418261.13 438982.27 26 18 18 0.5 
8 4418261.13 438921.24 30 26 29 3.5 
9 4418199.11 438921.24 43 39 40 1.5 
10 4418201.25 438858.94 61 43 37 1.0 
11 4418261.02 438860.8 79 65 60 3.5 
12 4418320.71 438858.9 46 33 30 3.5 
13 4418320.43 438923.16 67 44 44 1.5 
14 4418670.47 439235.48 21 19 18 2.5 
15 4418614.78 439235.22 27 21 20 2.0 
16 4418612.51 439174.88 42 40 41 4.0 
17 4418555.7 439171.2 14 13 14 3.0 
18 4418552.49 439232.69 27 24 24 1.0 
19 4418489.11 439228.36 104 60 44 3.0 
20 4418433.8 439168.77 13.5 12 12 1.0 
21 4418373.12 439165.71 24 18 19 3.0 
22 4418373.05 439107.86 21 15 12 3.0 
23 4418435.02 439108.2 23 18 18 2.0 
24 4418497.35 439110.9 34 34 34 1.5 
25 4418500.27 438991.89 63 47 45 2.0 
26 4418497.22 439047.55 26 20 19 2.0 
27 4418557.52 439051 150 79 69 4.0 
28 4418623.3 439052.73 81 69 79 6.0 
29 4418676.92 439055.77 61 45 54 1.0 
30 4418737.31 439236.93 23 21 22 1.0 
31 4418734.19 439301.92 72 51 65 2.0 
32 4418732.9 439350.7 24 16 13 1.0 
33 4418668.61 439361.55 25 19 20 0.5 
34 4418672.79 439294.06 17 16 17 2.0 
35 4418610.09 439288.63 21 16 15 2.0 
36 4418552.97 439288.18 38 29 30 1.5 
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Sample 
point 
number Latitude Longitude 
Maximum 
depth to 
bedrock 
(cm) 
Mean 
depth to 
bedrock 
(cm) 
Median 
depth to 
bedrock 
(cm) 
Oi+Oe 
thickness 
(cm) 
37 4418553.15 439357.65 17 14 14 2.0 
38 4418552.44 439414.5 15 13 14 1.0 
39 4418544.54 439476.23 13 9 9 2.0 
40 4418549.52 439522.21 18 15 15 2.0 
41 4418608.92 439474.14 86 39 20 6.0 
42 4418601.31 439420.19 14 12 13 2.0 
43 4418607.43 439365.56 13 12 12 2.0 
44 4418664.42 439422.82 23 16 13 2.0 
45 4418737.92 439407.01 15 12 12 4.0 
46 4418791.91 439355.79 30 18 16 2.0 
47 4418791.91 439416.75 20 17 16 1.5 
48 4418206 439161.67 16 12 15 1.0 
49 4418141.79 439046.48 18 14 14 2.0 
50 4418191.3 439098.7 30 23 20 3.0 
51 4418252.92 439101.35 28 21 19 2.5 
52 441898.59 439041.71 40 23 17 5.0 
53 4418258.26 439045.19 17 14 13 6.0 
54 4418314.54 439106.65 58 36 31 2.0 
55 4418316.53 439164.96 19 15 13 5.0 
56 4418248.82 439163.62 19 12 10 1.5 
57 4418247.49 439222.25 13 11 12 2.5 
58 4418311.08 439226.57 11 10 10 2.0 
59 4418370.2 439229.89 30 19 15 1.0 
60 4418378.37 439286.38 18 16 17 1.0 
61 4418312.76 439290.1 18 14 14 5.0 
62 4418307.16 439342.35 21 15 13 1.0 
63 4418366.16 439343.1 13 9 11 1.0 
64 4418371 439409.24 17 13 12 4.0 
65 4418428.78 439408.8 11 7 6 2.0 
66 4418430.76 439349.16 8 6 6 3.0 
67 4418432.75 439289.53 10 8 8 2.0 
68 4418487.22 439284.74 13 9 8 1.0 
69 4418493.71 439353.14 11 9 8 2.0 
70 4418486.42 439410.12 10 9 9 0.5 
71 4418482.12 439470.34 46 21 10 2.0 
72 4418481.12 439533.37 15 12 12 1.5 
73 4418668.36 439481.54 12 10 9 1.0 
74 4418377.1 439043.01 22 16 13 2.0 
75 44418139.23 438917.11 20 16 14 2.0 
76 4418074.48 438919.49 7 5 5 2.0 
77 4418022.84 438916.35 15 10 9 2.0 
78 4418016.86 438973.36 9 7 7 0.5 
79 4418021.96 438855.3 10 9 10 0.5 
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Sample 
point 
number Latitude Longitude 
Maximum 
depth to 
bedrock 
(cm) 
Mean 
depth to 
bedrock 
(cm) 
Median 
depth to 
bedrock 
(cm) 
Oi+Oe 
thickness 
(cm) 
80 4418021.5 438793.13 6 5 5 1.5 
81 4418031.59 438734.47 28 18 14 1.0 
82 44181521.19 438612.53 23 21 21 1.0 
83 4418087.05 438615.17 15 14 14 2.0 
84 4418086.39 438672.15 17.5 15 14 0.5 
85 4418084.88 438733.45 9 9 9 1.5 
86 4418086.93 438796.08 8 7 7 2.0 
87 4418081.81 438854.35 11 8 7 3.0 
88 4418141.69 438856.87 26 15 11 2.0 
89 4418143.13 438787.05 16 12 13 1.5 
90 4418145.67 438733.63 22 13 10 1.0 
91 4418147.66 438675.32 13 12 12 2.0 
92 4418203.32 438740.25 21 17 17 1.5 
93 4418199.22 438803.02 9 8 8 2.0 
94 4418261.64 438795.84 10 7 6 2.5 
95 4418323.34 438805.79 23 17 18 3.0 
96 4418438.43 439045.54 112 57 46 1.5 
97 4418440.42 438985.91 8 7 7 2.0 
98 4418455.89 438864.97 8.5 6 6 0.2 
99 No GPS   No GPS 21 18 18 1.5 
100  No GPS  No GPS 9.5 8 8.5 1.5 
101  No GPS  No GPS 36 26 25 1.0 
102  No GPS  No GPS 19 17 18 0.5 
103  No GPS  No GPS 16 14 15 1.0 
104  No GPS  No GPS 17 15 15 1.5 
105  No GPS No GPS  41 30 35 1.0 
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Horizon 2 depth and Munsell reading by sample point 
Sample 
point 
number 
Horizon 
2 
Depth 
2 (cm) Munsell reading 2 Munsell color 2 
1 A 2.5     
2 A 8.0 5 Y 6/1 gray 
3 A 1.5     
4 A 1.0     
5 A 9.0 7.5 YR 3/2 dark brown 
6   0     
7 A 6.0 10 YR 2/1 black 
8 A 3.5 10 YR 3/3 dark brown 
9 A 3.5 10 YR 2/1 black 
10 A 27.0 10 YR 2/1 black 
11 A 7.5 10 YR 4/4 dark yellowish brown 
12 A 3.5 7.5 YR 3/2 dark brown 
13 A 5.0 10 YR 3/3 dark brown 
14 A 6.5 10 YR 2/2 very dark brown 
15 A 12.5 10 YR 4/4 dark yellowish brown 
16 A 5.5 10 YR 4/3 dark brown 
17 A 4.5 10 YR 2/2 very dark brown 
18 A 13.5 5 YR 3/3 dark reddish brown 
19 A 10.0 10 YR 4/4 dark yellowish brown 
20 A 9.0 10 YR 3/2 very dark grayish brown 
21 A 7.0 10 YR 3/2 very dark grayish brown 
22 A 5.0 5 YR 3/2 dark reddish brown 
23 A 7.5 10 YR 3/2 very dark grayish brown 
24 A 5.0 10 YR 4/2 dark grayish brown 
25 A 9.0 5 YR 4/1 dark gray 
26 A 3.0 5 YR 3/2 dark reddish brown 
27 A 11.0 10 YR 3/1 very dark gray 
28 A 4.0 5 YR 3/2 dark reddish brown 
29 A 7.0 10 YR 4/2 dark grayish brown 
30 A 6.0 10 YR 3/2 very dark grayish brown 
31 A 17.0 5 Y 2.5/1 black 
32 A 3.0 10 YR 4/2 dark grayish brown 
33 A 3.5 5 YR 3/2 dark reddish brown 
34 A  7.0 10 YR 3/3 dark brown 
35 A 5.0 10 YR 4/3 dark brown 
36 A 1.5 10 YR 3/4 dark yellowish brown 
37 A  1.0 10 YR 3/2 very dark grayish brown 
38 A 5.0 10 YR 4/3 dark brown 
39 A 4.0 10 YR 4/6 dark yellowish brown 
40 A 10.0 10 YR 5/3 brown 
41 A 4.0 10 YR 4/4 dark yellowish brown 
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Sample 
point 
number 
Horizon 
2 
Depth 
2 (cm) Munsell reading 2 Munsell color 2 
     
42 A 6.0 10 YR 3/3 dark brown 
43 A 2.0 10 YR 3/3 dark brown 
44 A 2.0 10 YR 4/2 dark grayish brown 
45 A 4.0 10 YR 3/1 very dark gray 
46 A 10.0 10 YR 3/2 very dark grayish brown 
47 A 1.5 10 YR 3/2 very dark grayish brown 
48 A 3.0 5 Y 3/2 dark olive gray 
49 A 8.5 10 YR 3/3 dark brown 
50 A 2.0 10 YR 4/2 dark grayish brown 
51 A 2.5 10 YR 3/2 very dark grayish brown 
52 A 6.0 10 YR 3/2 very dark grayish brown 
53 A 5.0 5 Y 4/1 dark gray 
54 A 10.0 10 YR 5/4 yellowish brown 
55 A 4.0 10 YR 5/2 grayish brown 
56 A 5.5 5 YR 4/3 reddish brown 
57 A 3.5 10 YR 4/3 dark brown 
58 A 5.0 5 YR 3/2 dark reddish brown 
59 A 6.0 5 YR 3/2 dark reddish brown 
60 A 5.0 5 Y 4/2 olive gray 
61 A 2.0 10 YR 4/3 dark brown 
62 A 2.5 5 YR 4/1 dark gray 
63 A 3.0 5 YR 4/2 dark reddish gray 
64 A 3.0 5 Y 2.5/1 black 
65 A 5.0 5 Y 5/2 olive gray 
66 A 3.0 10 YR 5/4 yellowish brown 
67 A 4.0 5 YR 3/4 dark reddish brown 
68 A 4.0 10 YR 3/6 dark yellowish brown 
69 A 5.0 10 YR 4/2 dark grayish brown 
70 A 7.5 10 YR 4/2 dark grayish brown 
71 A 4.0 10 YR 4/2 dark grayish brown 
72 A 4.5 10 YR 3/3 dark brown 
73 A 6.0 10 YR 5/3 brown 
74 A 5.0 10 YR 4/2 dark grayish brown 
75 A 2.5 10 YR 3/3 dark brown 
76 A 5.0 10 YR 4/4 dark yellowish brown 
77 A 7.0 10 YR 5/3 brown 
78 A 7.5 10 YR 4/2 dark grayish brown 
79 A 6.5 5 Y 5/3 olive 
80 A 1.5 10 YR 3/2 very dark grayish brown 
81 A 3.0 10 YR 5/3 brown 
82 A 4.5 10 YR 4/2 dark grayish brown 
83 A 2.0 5 YR 3/2 dark reddish brown 
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Sample 
point 
number 
Horizon 
2 
Depth 
2 (cm) Munsell reading 2 Munsell color 2 
     
84 A 10.5 5 YR 3/2 dark reddish brown 
85 A 3.5 10 YR 3/2 very dark grayish brown 
86 A 3.0 10 YR 4/1 dark gray 
87 A 3.5 10 YR 3/6 dark yellowish brown 
88 A 4.0 10 YR 2/1 black 
89 A 1.5 5 YR 4/2 dark reddish gray 
90 A 1.0 10 YR 2/2 very dark brown 
91 A 2.0 10 YR 3/3 dark brown 
92 A 2.5 5 YR 3/2 dark reddish brown 
93 A 2.0 5 YR 4/3 reddish brown 
94 A 5.5 5 YR 2.5/2 dark reddish brown 
95 A 4.0 10 YR 3/2 very dark grayish brown 
96 A 8.5 5 YR 3/1 very dark gray 
97 A 3.0 5 Y 4/2 olive gray 
98 A 3.0 10 YR 4/4 dark yellowish brown 
99 A 2.5 5 YR 3/4 dark reddish brown 
100 A 2.5 2.5 Y 4/2 dark grayish brown 
101 A  12.0 10 YR 2/2 very dark brown 
102 A1 1.5 7.5 YR 3/4 dark brown 
103 A 1.0 10 YR 5/6 yellow brown 
104 A 2.5 10 YR 3/2 very dark grayish brown 
105 A1 1.5 10 YR 3/3 dark brown 
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Horizon 3 depth and Munsell reading by sample point 
Sample 
point 
number 
Horizon 
3 
Depth 
3 (cm) Munsell reading 3 Munsell color 3 
1 B 14.0 10 YR 5/3 brown 
2 C       
3 B1 14.0 10 YR 3/3 dark brown 
4 B1 11.0 7.5 YR 3/2 dark brown 
5   0.0     
6 B1 3.5 10 YR 2/1 black 
7 C       
8 B 3.0 10 YR 4/3 dark brown 
9 B1 8.0 10 YR 3/3 dark brown 
10   0.0     
11   0.0     
12 B 7.0 10 YR 4/3 dark brown 
13 B 7.5 10 YR 4/6 dark yellowish brown 
14 B 10.0 10 YR 3/3 dark brown 
15   0.0     
16 B1 10.5 10 YR 5/4 yellowish brown 
17 B 6.5 10 YR 3/3 dark brown 
18   0.0     
19   0.0     
20   0.0     
21 B 4.0 10 YR 5/4 yellowish brown 
22   0.0     
23 B 12.5 10 YR 4/6 dark yellowish brown 
24 B 5.5 10 YR 4/6 dark yellowish brown 
25 B 12.0 5 YR 4/2 dark reddish brown 
26 B1 2.0 5 YR 4/2 dark reddish brown 
27 B 14.0 10 YR 4/3 dark brown 
28 B1 14.0 5 YR 3/1 very dark gray 
29 B 11.0 10 YR 4/4 dark yellowish brown 
30 B 5.0 10 YR 4/4 dark yellowish brown 
31   0.0     
32 B 6.0 10 YR 5/4 yellowish brown 
33 B 5.0 10 YR 5/3 brown 
34   0.0     
35 B 10.0 10 YR 4/4 dark yellowish brown 
36 B 6.5 7.5 YR 3/4 dark brown 
37 B 5.0 10 YR 5/4 yellowish brown 
38   0.0     
39   0.0     
40   0.0     
41   0.0     
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Sample 
point 
number 
Horizon 
3 
Depth 
3 (cm) Munsell reading 3 Munsell color 3 
     
42   0.0     
43 B 6.0 10 YR 4/4 dark yellowish brown 
44 B 5.0 10 YR 5/3 brown 
45   0.0     
46   0.0     
47 B 5.0 10 YR 4/3 dark brown 
48 B 7.0 10 YR 5/3 brown 
49 B? 7.5 10 YR 4/4 dark yellowish brown 
50 B 5.0 10 YR 5/3 brown 
51 B1 2.0 10 YR 2/1 black 
52   0.0     
53   0.0     
54   0.0     
55   0.0     
56   0.0     
57   0.0     
58   0.0     
59   0.0     
60 B 2.5 5 Y 3/2 dark olive gray 
61 B 6.0 10 YR 4/4 dark yellowish brown 
62 B  4.5 10 YR 6/2 light brownish gray 
63 B  5.0 10 YR 5/3 brown 
64 B  4.0 5 Y 5/4 olive 
65   0.0     
66   0.0     
67 B 6.0 5 YR 4/2 dark reddish gray 
68 B 4.0 5 YR 4/6 yellowish red 
69 B 4.0 10 YR 4/4 dark yellowish brown 
70   0.0     
71 B1 6.0 10 YR 3/3 dark brown 
72 B 5.0 10 YR 5/4 yellowish brown 
73   0.0     
74 B 7.0 10 YR 3/4 dark yellowish brown 
75 B1 1.0 10 YR 4/1 dark gray 
76   0.0     
77   0.0     
78   0.0     
79   0.0     
80 B 4.0 10 YR 5/2 grayish brown 
81 B 4.0 10 YR 4/3 dark brown 
82 B 8.5 10 YR 5/4 yellowish brown 
83 B  6.0 5 YR 3/2 dark reddish brown 
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Sample 
point 
number 
Horizon 
3 
Depth 
3 (cm) Munsell reading 3 Munsell color 3 
     
84   0.0     
85 B 4.5 10 YR 3/4 dark yellowish brown 
86 B 2.0 10 YR 3/3 dark brown 
87   0.0     
88 B 6.0 10 YR 3/6 dark yellowish brown 
89 B 4.0 5 YR 3/2 dark reddish brown 
90 B 7.0 10 YR 3/4 dark yellowish brown 
91 B 5.0 10 YR 4/4 dark yellowish brown 
92 B1 5.0 5 YR 4/2 dark reddish gray 
93 B 3.0 5 YR 2.5/2 dark reddish brown 
94   0.0     
95 B1 5.0 10 YR 4/3 dark brown 
96   0.0     
97 B 5.0 10 YR 6/4 light yellowish brown 
98   0.0     
99 B 8.0 10 YR 4/2 dark grayish brown 
100 B 4.0 2.5 Y 5/2 grayish brown 
101   0.0     
102 A2 2.5 10 YR 3/2 very dark grayish brown 
103 B 5.5 10 YR 3/2 very dark grayish brown 
104 B 4.0 10 YR 4/2 dark grayish brown 
105 A2 2.0 10 YR 3/2 very dark grayish brown 
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Horizon 4 depth and Munsell reading by sample point 
Sample 
point 
number 
Horizon 
4 
Depth 
4 (cm) Munsell reading 4 Munsell color 4 
1         
2         
3 B2 19.0 10 YR 4/4 dark yellowish brown 
4 B2/C 11.0 10 YR 3/4 (non-saprolite) dark yellowish brown 
5         
6         
7         
8         
9 B2 8.0 10 YR 4/4 dark yellowish brown 
10         
11         
12         
13         
14         
15         
16 B2 13.0 10 YR 4/4 dark yellowish brown 
17         
18         
19         
20         
21         
22         
23         
24         
25         
26 B2 9.0 10 YR 5/4 yellowish brown 
27         
28 B2 6.0 5 YR 2.5/2 dark reddish brown 
29         
30         
31         
32         
33         
34         
35         
36         
37         
38         
39         
40         
41         
42 
 
Sample 
point 
number 
Horizon 
4 
Depth 
4 (cm) Munsell reading 4 Munsell color 4 
     
42         
43         
44         
45         
46         
47         
48         
49         
50         
51 B2 4.0 10 YR 4/4 dark yellowish brown 
52         
53         
54         
55         
56         
57         
58         
59         
60         
61         
62         
63         
64         
65         
66         
67         
68         
69         
70         
71 B2 6.0 10 YR 4/4 dark yellowish brown 
72         
73         
74         
75 B2 5.5 10 YR 5/4 yellowish brown 
76         
77         
78         
79         
80         
81         
82         
83         
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Sample 
point 
number 
Horizon 
4 
Depth 
4 (cm) Munsell reading 4 Munsell color 4 
     
84         
85         
86         
87         
88         
89         
90         
91         
92 B2 5.0 5 YR 5/1   
93         
94         
95 B2 4.0 10 YR 5/4 yellowish brown 
96         
97         
98         
99         
100         
101         
102 B1 5.5 10 YR 3/3 dark brown 
103 Rocks 0.0 5 Y 6/2 light olive gray 
104         
105 B 6.5 10 YR 4/3 dark brown 
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Mean hue, value, chroma of horizons 3 & 4 by sample point 
Sample 
point 
number 
Mean horizons 3 & 4 
hue 
Mean  horizons 3 & 4 
value 
Mean  horizons 3 & 4 
chroma 
1       
2       
3 10 YR 3.5 3.5 
4 9 YR 3 3 
5       
6 10 YR 2 1 
7       
8 10 YR 4 3 
9 10 YR 3.5 3.5 
10       
11       
12 10 YR 4 3 
13 10 YR 4 6 
14 10 YR 3 3 
15       
16 10 YR 4.5 4 
17 10 YR 3 3 
18       
19       
20       
21 10 YR 5 4 
22       
23 10 YR 4 6 
24 10 YR 4 6 
25 5 YR 4 2 
26   4.5 3 
27 10 YR 4 3 
28 5 YR 2.75 1.5 
29 10 YR 4 4 
30 10 YR 4 4 
31       
32 10 YR 5 4 
33 10 YR 5 3 
34       
35 10 YR 4 4 
36       
37 10 YR 5 4 
38       
39       
40       
45 
 
Sample 
point 
number 
Mean horizons 3 & 4 
hue 
Mean  horizons 3 & 4 
value 
Mean  horizons 3 & 4 
chroma 
    
41       
42       
43 10 YR 4 4 
44 10 YR 5 3 
45       
46       
47 10 YR 4 3 
48 10 YR 5 3 
49 10 YR 4 4 
50 10 YR 5 3 
51 10 YR 3 2.5 
52       
53       
54       
55       
56       
57       
58       
59       
60 5 Y 3 2 
61 10 YR 4 4 
62 10 YR 6 2 
63 10 YR 5 3 
64 5 Y 5 4 
65       
66       
67 5 YR 4 2 
68 5 YR 4 6 
69 10 YR 4 4 
70       
71 10 YR 3.5 3.5 
72 10 YR 5 4 
73       
74 10 YR 3 4 
75 10 YR 4.5 2.5 
76       
77       
78       
79       
80 10 YR 5 2 
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Sample 
point 
number 
Mean horizons 3 & 4 
hue 
Mean  horizons 3 & 4 
value 
Mean  horizons 3 & 4 
chroma 
    
81 10 YR 4 3 
82 10 YR 5 4 
83 5 YR 3 2 
84       
85 10 YR 3 4 
86 10 YR 3 3 
87       
88 10 YR 3 6 
89 5 YR 3 2 
90 10 YR 3 4 
91 10 YR 4 4 
92 5 YR 4.5 1.5 
93 5 YR 2.5 2 
94       
95 10 YR 4.5 3.5 
96       
97 10 YR 6 4 
98       
99 10 YR 4 2 
100 2.5 Y 5 2 
101       
102 10 YR 3 2.5 
103   4.5 2 
104 10 YR 4 2 
105 10 YR 3.5 2.5 
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Combined horizon thicknesses and estimated Oe thickness 
Sample point 
number 
B+C horizon 
thickness (cm) 
A+B+C horizon thickness 
(cm) Estimated Oa thickness (cm) 
1 14.0 16.5   
2     2.5 
3 33.0 34.5   
4 22.0 23.0   
5 0.0 9.0   
6 3.5 3.5 2.5 
7     0.3 
8 3.0 6.5 2.5 
9 16.0 19.5 0.6 
10 0.0 27.0 1.3 
11 0.0 7.5 1.3 
12 7.0 10.5 2.5 
13 7.5 12.5   
14 10.0 16.5 0.6 
15 0.0 12.5 0.6 
16 23.5 29.0 1.3 
17 6.5 11.0 2.5 
18 0.0 13.5 1.3 
19 0.0 10.0 0.6 
20 0.0 9.0   
21 4.0 11.0 2.5 
22 0.0 5.0 0.6 
23 12.5 20.0 0.6 
24 5.5 10.5 0.6 
25 12.0 21.0 0.6 
26 11.0 14.0 1.3 
27 14.0 25.0 0.6 
28 20.0 24.0 0.1 
29 11.0 18.0 0.1 
30 5.0 11.0 1.3 
31 0.0 17.0 0.3 
32 6.0 9.0 0.3 
33 5.0 8.5 0.6 
34 0.0 7.0 0.3 
35 10.0 15.0 0.2 
36 6.5 8.0 2.5 
37 5.0 6.0 2.5 
38 0.0 5.0 0.6 
39 0.0 4.0 0.6 
40 0.0 10.0 0.2 
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Sample point 
number 
B+C horizon 
thickness (cm) 
A+B+C horizon thickness 
(cm) 
Estimated Oa thickness (cm) 
41 0.0 4.0 0.6 
42 0.0 6.0 0.6 
43 6.0 8.0 0.6 
44 5.0 7.0 0.3 
45 0.0 4.0 0.2 
46 0.0 10.0 0.6 
47 5.0 6.5 1.3 
48 7.0 10.0 0.6 
49 7.5 16.0 0.2 
50 5.0 7.0 1.3 
51 6.0 8.5 0.6 
52 0.0 6.0 0.6 
53 0.0 5.0 2.5 
54 0.0 10.0 0.0 
55 0.0 4.0 2.5 
56 0.0 5.5 1.3 
57 0.0 3.5 0.6 
58 0.0 5.0 1.3 
59 0.0 6.0 2.5 
60 2.5 7.5 0.3 
61 6.0 8.0 0.3 
62 4.5 7.0 0.3 
63 5.0 8.0 0.3 
64 4.0 7.0 0.3 
65 0.0 5.0 0.3 
66 0.0 3.0 0.6 
67 6.0 10.0 0.6 
68 4.0 8.0 0.6 
69 4.0 9.0 1.3 
70 0.0 7.5 0.6 
71 12.0 16.0 0.3 
72 5.0 9.5 1.3 
73 0.0 6.0 0.1 
74 7.0 12.0 0.6 
75 6.5 9.0 1.6 
76 0.0 5.0 0.3 
77 0.0 7.0 0.3 
78 0.0 7.5 0.3 
79 0.0 6.5 0.3 
80 4.0 5.5 0.2 
81 4.0 7.0 2.5 
82 8.5 13.0 0.6 
83 6.0 8.0 2.5 
84 0.0 10.5 0.3 
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Sample point 
number 
B+C horizon 
thickness (cm) 
A+B+C horizon thickness 
(cm) Estimated Oa thickness (cm) 
    
85 4.5 8.0 0.3 
86 2.0 5.0 0.3 
87 0.0 3.5 0.3 
88 6.0 10.0 0.6 
89 4.0 5.5 0.6 
90 7.0 8.0 0.3 
91 5.0 7.0 1.3 
92 10.0 12.5 0.3 
93 3.0 5.0 2.5 
94 0.0 5.5 2.5 
95 9.0 13.0 0.3 
96 0.0 8.5 1.3 
97 5.0 8.0 2.5 
98 0.0 3.0 0.3 
99 8.0 10.5   
100 4.0 6.5 0.3 
101 0.0 12.0 0.3 
102 5.5 9.5 2.5 
103 5.5 6.5 1.3 
104 4.0 6.5 1.3 
105 6.5 10.0   
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Community description and type by sample point 
Sample 
point 
number Community description 
Community 
type 
2010 cover 
type—wooded 
or open 
1 mixed oak forest OF W 
2 transition between disturbed forest and savanna OW W 
3 medium-age oak forest OF W 
4 oak forest OF W 
5 serpentine grassland GR O 
6 oak woodland/open canopy with stilt grass OW W 
7 serpentine grassland GR O 
8 edge of serpentine grassland GR O 
9 edge of serpentine grassland GR O 
10 edge of serpentine grassland ED O 
11 oak woodland OW W 
12 oak forest OF W 
13 oak forest OF W 
14 open transition from oak woodland to grassland GR O 
15 woodland MF W 
16 oak woodland OW W 
17 woodland MF W 
18 oak forest OF W 
19 oak forest OF W 
20 serpentine grassland GR O 
21 edge of serpentine grassland ED O 
22 serpentine grassland GR O 
23 edge of serpentine grassland ED O 
24 oak forest OF W 
25 serpentine grassland GR O 
26 forest MF W 
27 edge of serpentine grassland ED O 
28 open canopy/creek edge ED O 
29 tuliptree-maple-beech forest MF W 
30 oak forest OF W 
31 edge of serpentine grassland ED O 
32 serpentine grassland GR O 
33 oak woodland OW W 
34 forest MF W 
35 woodland MF W 
36 oak woodland OW W 
37 oak forest OF W 
38 edge of grassland; openish canopy ED O 
39 edge of serpentine grassland ED O 
40 meadow/thicket/fench at property edge ED O 
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Sample 
point 
number Community description 
Community 
type 
2010 cover 
type—wooded 
or open 
41 oak woodland OW W 
42 oak woodland OW W 
43 open canopy GR O 
44 woodland next to pond MF W 
45 disturbed woodland MF W 
46 serpentine grassland GR O 
47 oak woodland/roadside OW W 
48 closed canopy woods MF W 
49 tuliptree-maple-beech forest MF W 
50 oak forest OF W 
51 woodland MF W 
52 oak woodland OW W 
53 oak forest OF W 
54 oak forest OF W 
55 oak forest OF W 
56 oak woodland OW W 
57 oak woodland OW W 
58 edge of serpentine grassland ED O 
59 oak woodland OW W 
60 thicket GT O 
61 woodland MF W 
62 oak woodland OW W 
63 woodland MF W 
64 edge of serpentine grassland ED O 
65 oak woodland OW W 
66 edge of serpentine grassland ED O 
67 oak forest OF W 
68 oak forest OF W 
69 oak forest OF W 
70 oak woodland OW W 
71 oak forest OF W 
72 oak woodland next to farm OW W 
73 open edge of farm pond ED O 
74 oak forest OF W 
75 oak woodland; edge of serpentine grassland OW W 
76 serpentine grassland GR O 
77 pasture/cropland P O 
78 woodland next to pasture MF W 
79 pasture/cropland P O 
80 pasture/cropland P O 
81 oak forest OF W 
82 woodland MF W 
83 oak woodland OW W 
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Sample 
point 
number 
Community description Community 
type 
2010 cover 
type—wooded 
or open 
84 open canopy/edge of serpentine grassland GR O 
85 edge of serpentine grassland  ED O 
86 oak woodland OW W 
87 woodland/edge of pasture OW W 
88 woodland MF W 
89 woodland MF W 
90 woodland MF W 
91 oak forest OF W 
92 forest MF W 
93 oak forest OF W 
94 oak woodland OW W 
95 forest MF W 
96 woodland MF W 
97 tuliptree-maple-beech forest MF W 
98 tuliptree-maple-beech forest MF W 
99 woodland OW W 
100 oak woodland OW W 
101 oak woodland OW W 
102 oak woodland OW W 
103 oak forest OF W 
104 oak woodland OW W 
105 woodland MF W 
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Important plant species by sample point 
Sample 
point 
numbe
r 
Important species 
1 
Quercus alba (70 in.) Acer rubrum Fagus grandifolia Quercus alba Nyssa sylvatica 
2 
Quercus coccinea Lonicera japonica Acer rubrum Prunus avium Elaeagnus 
umbellata 
3 
Quercus velutina (35 
in.) 
Acer rubrum Smilax rotundifolia   
4 
Sassafras albidum (30 
in.) 
Quercus velutina Quercus marilandica   
5 
Quercus marilandica Juniperus virginiana Quercus stellata   
6 
Microstegium vimineum Prunus serotina Sassafras albidum Acer rubrum Quercus 
velutina 
7 
Juniperus virginiana Quercus marilandica   
8 
Smilax rotundifolia Sassafras albidum Acer rubrum Quercus 
marilandica 
 
9 
Quercus marilandica Sassafras albidum Juniperus virginiana Quercus alba  
10 
Smilax rotundifolia Microstegium 
vimineum 
Juniperus virginiana Sassafras albidum Quercus alba 
11 
Sassafras albidum Acer rubrum Quercus marilandica   
12 
Acer rubrum Quercus velutina 74cm   
13 
Quercus velutina(100) Acer rubrum    
14 
Juniperus virginiana Elaeagnus umbellata grasses Quercus velutina  
15 
Juniperus virginiana Elaeagnus umbellata Lonicera mackii Alliaria petiolata Sassafras 
albidum  
16 
Quercus velutina Acer rubrum    
17 
Smilax rotundifolia Acer rubrum Elaeagnus umbellata Sassafras albidum  
18 
Quercus velutina Elaeagnus umbellata Acer rubrum   
19 
Microstegium vimineum Sassafras albidum Juniperus virginiana Quercus stellata   
20 
Juniperus virginiana grasses    
21 
Quercus stellata  Acer rubrum Juniperus virginiana Smilax 
rotundifolia 
 
22 
Quercus marilandica Juniperus virginiana Smilax rotundifolia   
23 
Smilax rotundifolia Juniperus virginiana Sassafras albidum   
24 
Quercus alba Quercus stellata Acer rubrum   
25 
Quercus marilandica Juniperus virginiana grasses Sassafras albidum  
26 
Acer rubrum Fagus grandifolia Juniperus virginiana (recently dead)  
27 
Juniperus virginiana Acer rubrum Elaeagnus 
umbellata 
Sassafras albidum Lonicera mackii 
28 
Microstegium vimineum Impatiens capensis   
29 
Microstegium vimineum Gleditsia triacanthos Liriodendron 
tulipifera 
  
30 
Acer rubrum Prunus serotina Microstegium 
vimineum 
Berberis thunbergii  
31 
Microstegium vimineum Juniperus virginiana Sassafras 
albidum 
Acer rubrum  
32 
grasses Juniperus virginiana Quercus 
marilandica 
Sassafras albidum Dactylis 
glomerata 
33 
Quercus alba Acer rubrum Microstegium vimineum  
34 
Microstegium vimineum Acer rubrum Acer rubrum Rubus phoenicolasius  
35 
Microstegium vimineum Juniperus virginiana Rubus 
phoenicolasiu
Phytolacca americana Lonicera 
maackii 
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s 
36 
Microstegium vimineum Quercus marilandica Sassafras 
albidum 
Acer rubrum Lonicera 
maackii 
37 
Smilax rotundifolia Rubus 
phoenicolasius 
Sassafras 
albidum 
Quercus marilandica oak Fagus 
grandifolia 
38 
Sassafras albidum Rubus 
phoenicolasius 
Acer rubrum Microstegium vimineum Acer rubrum 
39 
Microstegium vimineum Berberis thunbergii Acer rubrum Juniperus virginiana Toxicodendron 
radicans 
40 
Cirsium sp. Microstegium 
vimineum 
Phytolacca 
americana 
Robinia pseudoacacia Lonicera 
maackii 
41 
Microstegium vimineum Berberis thunbergii Smilax 
rotundifolia 
Acer rubrum Quercus 
marilandica 
42 
Quercus velutina Acer rubrum Sassafras 
albidum 
Robinia pseudoacacia Microstegium 
vimineum 
43 
Dactylis glomerata Lonicera maackii Quercus 
marilandica 
Robinia pseudoacacia Juniperus 
virginiana  
44 
Microstegium vimineum Toxicodendron 
radicans 
Acer rubrum Smilax rotundifolia Rubus 
phoenicolasius 
45 
Microstegium vimineum Lonicera maackii Toxicodendro
n radicans 
Rubus phoenicolasius  
46 
Quercus marilandica Juniperus virginiana Phlox 
subulata 
  
47 
Quercus velutina Lonicera maackii Acer rubrum Gaultheria procumbens 
48 
Microstegium vimineum Acer rubrum Quercus 
velutina 
Sassafras 
albidum 
Nyssa sylvatica 
49 
Polystichum 
acrostichoides 
Acer rubrum Toxicodendro
n radicans 
Rubus 
phoenicolasiu
s 
Fagus grandifolia 
50 
Smilax rotundifolia Quercus velutina - 
102 
Acer rubrum Fagus 
grandifolia 
 
51 
Smilax rotundifolia Acer rubrum Sassafras 
albidum 
  
52 
Smilax rotundifolia Acer rubrum Sassafras 
albidum 
Quercus 
marilandica 
 
53 
Fagus grandifolia Ilex opaca Acer rubrum Quercus alba Sassafras albidum 
54 
Polystichum 
acrostichoides 
Impatiens capensis Microstegium 
vimineum 
Fagus 
grandifolia 
Acer rubrum 
55 
Quercus velutina - 100 Acer rubrum Sassafras 
albidum 
Quercus 
marilandica 
 
56 
Juniperus virginiana Sassafras albidum Acer rubrum Quercus 
velutina 
Smilax rotundifolia 
57 
Juniperus virginiana Prunus serotina Alliaria 
petiolata 
Smilax 
rotundifolia 
Microstegium vimineum 
58 
Quercus marilandica Sassafras albidum Juniperus 
virginiana 
Smilax 
rotundifolia 
Microstegium vimineum 
59 
Prunus serotina Quercus velutina Sassafras 
albidum 
Smilax 
rotundifolia 
 
60 
Smilax rotundifolia Sassafras albidum Rubus 
phoenicolasiu
s 
  
61 
Acer rubrum Sassafras albidum Toxicodendro
n radicans 
Microstegium 
vimineum 
Smilax rotundifolia 
62 
Microstegium vimineum Alliaria petiolata Quercus alba Sassafras 
albidum 
Acer rubrum 
63 
Microstegium vimineum Sassafras albidum Acer rubrum Smilax 
rotundifolia 
 
64 
Sassafras albidum Acer rubrum Quercus 
marilandica 
Smilax 
rotundifolia 
Microstegium vimineum 
65 
Juniperus virginiana Sassafras albidum Quercus 
velutina 
Smilax 
rotundifolia 
Microstegium vimineum 
66 
Microstegium vimineum Quercus marilandica Prunus 
serotina 
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67 
Quercus marilandica Acer rubrum Sassafras 
albidum 
  
68 
Microstegium vimineum Sassafras albidum  Quercus 
marilandica 
Quercus 
velutina 
 
69 
Quercus marilandica Microstegium 
vimineum 
Juniperus 
virginiana 
  
70 
Smilax rotundifolia Sassafras albidum Acer rubrum Quercus 
velutina 
 
71 
Microstegium vimineum Acer rubrum Smilax 
rotundifolia 
Symplocarpus 
foetidus 
Sassafras albidum 
72 
Microstegium vimineum Quercus marilandica Sassafras 
albidum 
Berberis 
thunbergii 
Prunus serotina 
73 
Juglans nigra grasses Salix sp. Juniperus 
virginiana 
Elaeagnus angustifolia 
74 
Polystichum 
acrostichoides 
Microstegium 
vimineum 
Acer rubrum Quercus 
velutina 
Berberis thunbergii 
75 
Smilax rotundifolia Acer rubrum Quercus alba Quercus 
velutina 
 
76 
grasses Juniperus virginiana Cirsium sp.   
77 
Quercus marilandica grasses Cirsium sp. Quercus 
velutina 
 
78 
Microstegium vimineum Rubus 
phoenicolasius 
Prunus 
serotina 
Lonicera 
maackii 
 
79 
hay Juglans nigra Cirsium sp.   
80 
hay Rubus 
phoenicolasius 
Quercus 
marilandica 
Juniperus 
virginiana 
paulonia 
81 
Quercus marilandica Acer rubrum Quercus 
velutina 
Sassafras 
albidum 
 
82 
Microstegium vimineum Acer rubrum Sassafras 
albidum 
  
83 
Acer rubrum Prunus serotina Quercus alba Quercus 
velutina 
 
84 
Juniperus virginiana Lonicera maackii Prunus 
serotina 
grasses  
85 
Sassafras albidum grasses Juniperus 
virginiana 
Quercus 
marilandica 
Quercus velutina 
86 
Microstegium vimineum Juniperus virginiana Acer rubrum Sassafras 
albidum 
Quercus velutina 
87 
Quercus marilandica Quercus velutina Fagus 
grandifolia 
hay/grasses  
88 
Sassafras albidum Microstegium 
vimineum 
Juniperus 
virginiana 
Acer rubrum  
89 
Microstegium vimineum Rubus 
phoenicolasius 
Acer rubrum Sassafras 
albidum 
Lonicera maackii 
90 
Juniperus virginiana Microstegium 
vimineum 
Acer rubrum Lonicera 
maackii 
 
91 
Acer rubrum Quercus velutina Juniperus 
virginiana 
Sassafras 
albidum 
 
92 
Microstegium vimineum Acer rubrum Lonicera 
maackii 
  
93 
Fagus grandifolia hickory Quercus 
marilandica 
Acer rubrum  
94 
Microstegium vimineum Acer rubrum Quercus 
velutina 
  
95 
Acer rubrum Microstegium 
vimineum 
Rubus 
phoenicolasiu
s 
ferns  
96 
Acer rubrum Microstegium 
vimineum  
norway 
maple? 
  
97 
Quercus alba 113 Liriodendron 
tulipifera 
Acer rubrum   
98 
Microstegium vimineum Liriodendron 
tulipifera 
Juniperus 
virginiana 
Acer rubrum Lonicera maackii 
99 
Acer rubrum Quercus velutina Sassafras Fagus Polystichum acrostichoides 
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albidum grandifolia 
100 
Microstegium vimineum Acer rubrum Quercus 
velutina 
Lindera 
benzoin 
Juniperus virginiana  
101 
Microstegium vimineum Juniperus virginiana Acer rubrum Fagus 
grandifolia 
Quercus stellata 
102 
Rosa multiflora Acer rubrum Lindera 
benzoin 
Lonicera 
japonica 
Sassafras albidum 
103 
Microstegium vimineum Celastrus 
orbiculatus 
Quercus 
stellata 
Acer rubrum Quercus velutina 
104 
Celastrus orbiculatus Lonicera japonica Smilax 
rotundifolia 
Rosa 
multiflora 
Quercus stellata 
105 
Celastrus orbiculatus Lonicera japonica Juniperus 
virginiana 
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Appendix E: NDVI Classifications and Successional Category by Sample Point  
Poi
nt_
num 1937_cover 1958_cover 1971_cover 1990_cover 2010_cover 
Successional 
category 
1 O W W W W Forties 
2 W W W W W Wooded 
3 O O W W W Sixties 
4 O O W O W Stable 
5 O O O O W Stable 
6 O O O O W Naughts 
7 O O O O O Stable 
8 O O W W W Sixties 
9 O O O W O Stable 
10 O O O W W Stable 
11 O O O W W Eighties 
12 O W W W W Forties 
13 W W W W W Wooded 
14 O O O O W Stable 
15 O O O W W Eighties 
16 O W W W W Forties 
17 W W W W W Wooded 
18 O O W W W Sixties 
19 O O O W W Eighties 
20 O O O O O Stable 
21 O W W W O Forties 
22 O O O W O Stable 
23 O O O W W Stable 
24 W W W W W Wooded 
25 O O O W O Stable 
26 O O W W W Sixties 
27 W O O O W Stable 
28 O W W W W Forties 
29 O W W W W Forties 
30 W W W W W Wooded 
31 O O O O W Stable 
32 O O O O W Stable 
33 O O W W W Sixties 
34 O O O W W Eighties 
35 O O O W W Eighties 
36 O O O O O Naughts 
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37 O O W W W Sixties 
38 O O O O W Stable 
39 O O O W W Stable 
40 O W O O W Recent_stable 
41 O W W W W Forties 
42 O O O O W Naughts 
43 O O O O W Stable 
44 O W W W W Forties 
45 O O O O W Naughts 
46 O O O W W   
47 O O O O O   
48 W W W W W Wooded 
49 W W W W W Wooded 
50 W W W W W Wooded 
51 W W W W W Wooded 
52 O O W W W Sixties 
53 W W W W W Wooded 
54 W W W W W Wooded 
55 W W W W W Wooded 
56 W W W W W Wooded 
57 W W W W W Wooded 
58 O O W O W Stable 
59 O W W W W Forties 
60 W W W W W unusable 
61 W W W O W unusable 
62 W W W W W Wooded 
63 W W W W W Wooded 
64 O W W W W Forties 
65 W W W O W unusable 
66 O O O O W Stable 
67 O W W W W Forties 
68 O O O W W Eighties 
69 O O O O W Naughts 
70 O O O W W Eighties 
71 W W W W W Wooded 
72 W W W W W Wooded 
73 O W W O W Recent_stable 
74 W W W W W Wooded 
75 W W W W W Wooded 
76 O W O W O unusable 
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77 W W W W O unusable 
78 O O O W O unusable 
79 O O W W O unusable 
80 W W W W O unusable 
81 O W W W W Forties 
82 O W O W O Eighties 
83 O W W O W Forties 
84 O O O O O Stable 
85 O O O O O Stable 
86 O O O W W Eighties 
87 W W W W W Wooded 
88 O W W W W Forties 
89 O O O O W Naughts 
90 O O O W W Eighties 
91 O O O W W Eighties 
92 O W W W W Forties 
93 O W W W W Forties 
94 W W W W W Wooded 
95 W O W W W Sixties 
96 W W W W W Wooded 
97 W W W W W Wooded 
98 O O O W W Eighties 
99 W W W W W Wooded 
100 O O O W W Eighties 
101 O W W W W Forties 
102 W W W W W Wooded 
103 O W W W W Forties 
104 O W W W W Forties 
105 O O O W W Eighties 
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Appendix F: Nearest Distance  
Samp
le_po
i 1937 Nearest Distance 
1958 Nearest 
Distance 
1971 Nearest 
Distance 
1990 Nearest 
Distance 
2010 Nearest 
Distance 
1 0.03728610434 3.12869558212 2.97818043336 2.95141191977 3.32585927862 
2 6.95272659928 1.71959476350 6.82507821931 7.32766906130 15.18574212420 
3 0.07089010539 1.08246404346 0.53663436789 6.09037638306 0.74737636620 
4 0.85663452294 0.40232610423 5.84265442737 0.31279449223 2.73209336596 
5 8.33062049631 8.56180238205 4.10239189712 3.80921628940 1.41679763068 
6 6.65894315671 3.90523365709 2.10461647498 1.02984862697 2.29007969090 
7 3.49879493569 5.31602017470 4.63321436662 0.66643682592 0.64944942761 
8 1.03684701399 1.20663077323 0.02690963168 3.46574970309 11.41666090680 
9 2.89320715165 0.32227836736 1.59337330472 0.14321679529 1.48094084542 
10 11.07692203590 6.53821271519 2.60408001201 0.09996908158 9.03958436256 
11 8.58225371881 2.35222018380 0.58264163137 4.45820180536 4.07459474342 
12 1.67123638815 2.36540839235 4.91983096599 9.75866187675 4.46229694031 
13 0.33434310427 22.80403731250 20.56150570970 5.97978271821 4.64517321092 
14 29.34265479470 16.46111410430 6.59519589588 4.93100780185 0.24157467205 
15 2.62745704354 3.29568436835 0.49251436815 0.12449039053 3.05863410421 
16 0.48595310492 5.03042967664 6.62118677442 10.75776512210 1.21780616743 
17 3.50852599856 4.59700257976 7.08325950677 2.43856238050 7.17696781500 
18 0.80651489494 4.99007889216 0.97178688380 4.62881456129 12.34218633520 
19 7.16728837771 7.82749858878 3.26383420468 0.32201150365 3.54960936979 
20 18.89294420680 19.93472492780 14.63543902950 3.17015036226 2.95040766057 
21 1.45652876638 1.07612868792 0.77270757031 4.43374430481 0.64086269680 
22 8.27506637201 6.82319852705 7.75766765819 0.42888567038 0.71086269710 
23 3.58642305346 4.85379636753 1.83633836824 0.07043935359 2.85942940460 
24 4.68189675087 11.86746423690 15.69061835550 1.59150352804 2.64682827591 
25 3.31136083445 8.01452724283 6.85826738940 1.32015185989 1.20321873726 
26 0.40429929812 0.34780563135 4.21361018447 6.14031799383 1.91923654225 
27 9.08709215841 0.89191112016 0.49956236966 1.10558071843 3.93224224893 
28 1.86297671805 2.31597336506 2.10319293985 2.24391738209 1.84791360393 
29 2.11144358799 1.84591763187 4.00471977776 3.99020358484 6.20842532720 
30 0.80175339787 0.00371236820 1.95195480057 4.46619673366 8.38912820444 
31 8.86523277820 5.48810240945 9.21048438827 1.29974342696 4.86004594071 
32 49.58908699970 1.79309636727 0.87291882579 0.79962799039 0.19871440902 
33 8.91289414733 1.39776563272 0.58680636901 1.25710467087 1.83178996177 
34 16.69119803050 6.75445417615 9.58102409892 0.52344107424 8.16170097542 
35 34.88034441660 13.79875136270 5.59102251035 1.02187267139 4.32429883857 
36 10.63085159630 6.43119611375 4.54959837959 2.00918578836 0.44700450864 
37 1.14306124670 2.27240650721 0.20943836682 1.42512123683 9.20032782122 
38 10.03131138900 7.42577336037 7.57675836794 0.37935643271 18.49939939410 
39 3.22484810313 1.80702563189 0.50080963224 0.72132683675 4.75746660440 
40 1.47382641865 0.34543789580 1.20546417061 7.60130534606 2.76338483101 
41 8.34554290033 2.45630206016 3.26833016201 9.69406014247 8.64780208211 
42 16.12865621640 18.93140386930 11.25059327220 5.74647954829 1.52075779799 
61 
 
43 26.62007327890 14.47722620470 7.33839242701 2.24820717197 2.15971925750 
44 1.52294417256 0.48353563063 6.47346207712 2.37829003329 14.53904861130 
45 22.78363436590 13.47432781060 20.99928646810 2.16634837710 0.36913673905 
46 2.06146862824 2.18396763317 1.80007444565 2.11531975400 2.21817372646 
47 0.83282662928 1.52881363127 0.88423763216 1.48304838035 1.21833967883 
48 7.97243094290 4.59882532862 8.49319283729 3.33334565332 2.08357365726 
49 4.82252089424 5.02540936431 13.97591704310 1.04693154728 4.29232633946 
50 0.23530750750 5.32401971095 5.98263956062 12.08759619720 1.17203079602 
51 10.65998117340 2.38570963312 4.10590192360 13.10487329240 4.17967229837 
52 4.65335849594 0.20097595918 0.92219058323 4.25362331044 0.19990446046 
53 2.05789386782 6.85109242902 27.39433451160 2.10235952958 21.17448031730 
54 2.24782134736 1.11092563067 7.98324518784 3.37803073672 10.44489502340 
55 1.49635241032 4.78954210768 22.79644193730 6.32234195687 10.47367148490 
56 0.96760331728 6.08606044670 6.42611094500 0.88580963366 2.13324175117 
57 1.15984105338 3.73489669002 9.67067476243 7.80002871410 0.58414003822 
58 0.21247237176 0.42369746656 1.63637611885 1.37689954740 0.88246424061 
59 0.69803168745 3.24840655179 1.29365861904 2.85357008115 7.43877192538 
60 3.27247201258 12.62932590980 13.41490500920 2.54380054850 3.51356462830 
61 2.55362626413 7.73566750939 12.32821785930 0.05754145654 9.83108548554 
62 2.38813909295 12.56636905560 12.18849720120 0.21162177436 7.22313547574 
63 5.60511624994 12.58830885980 28.69213546610 1.91960952270 13.37397453120 
64 2.15368768751 2.46529751381 2.90564154319 6.46734203816 0.89605193045 
65 4.19211906338 1.03415697497 5.15830010345 0.22489500210 10.06806449720 
66 6.67559446220 1.71036404290 0.45564024535 0.53681110684 11.60329778240 
67 2.35762489651 1.06520010391 3.26507610414 0.00472991937 9.07743555517 
68 6.31564274144 1.03262020925 4.97984546184 2.80198640749 3.99282953877 
69 5.32512856449 2.37793981928 3.56534810434 2.14918561864 4.52661099986 
70 13.16957173860 0.03026963305 0.36623836868 1.09544020548 9.73669362773 
71 0.51643283693 5.03724624272 3.49176181772 6.45441452118 6.34095893764 
72 0.88925263099 13.85246898700 13.45667808350 10.05310835980 1.46142105371 
73 8.85459754941 3.32481008164 3.15758563112 0.82803919481 0.83903342491 
74 7.03446910321 4.74100564365 7.62505174632 0.72515657359 1.79573291882 
75 7.43381755277 4.61610678768 3.18950774475 2.31117225472 0.68439807929 
76 0.92975463439 0.18213563133 0.54107340071 14.19119842270 17.05127444960 
77 3.52928476953 3.10063326324 3.89558250567 7.27698133080 4.44390022097 
78 1.54145485634 0.43946636748 1.42604520481 0.66185438453 1.12327400373 
79 1.23335410416 0.28291717053 1.18616163172 4.68313165661 1.92375973193 
80 0.79182260831 3.64783281152 11.10536008220 5.17498523236 0.44841271319 
81 0.18652489438 3.46479524009 5.61167543543 0.56435933598 6.82581671231 
82 9.97279739451 1.89427163173 2.14757209216 12.38970306730 0.39229575265 
83 5.24099690892 2.97729862129 3.49526511154 0.44020910659 3.22930876247 
84 22.87627411370 11.34579014790 12.87384927980 2.26031189859 0.58134285640 
85 14.93653484890 10.84837219050 11.14408883480 1.82891219854 4.37426960852 
86 7.23654462956 1.24419754243 2.91162163299 0.85335917492 0.74446147613 
87 1.50222362950 1.15418457049 8.38220410334 1.73755532969 6.45385743245 
88 0.04987636767 2.73689955859 5.27603221002 3.82446633801 9.06464496879 
62 
 
89 22.63831560590 7.24613359341 6.57751907118 0.81274373602 9.09823399722 
90 12.27489431000 9.67373438669 5.95048281403 0.12873220950 9.42948453098 
91 12.06866258080 3.75662379014 2.30253233514 1.62704833312 8.55670654284 
92 0.49864903814 7.19085389544 6.23618841063 4.99501200018 7.89888078270 
93 6.27272404912 4.37137580449 12.72555800140 5.38020897042 13.42605201880 
94 1.12799678351 11.25154810320 20.97931531260 7.55775299184 8.19471150026 
95 7.07241760800 1.22669236828 13.62538789540 2.48667269495 4.97618542513 
96 7.68272889474 3.45477729144 12.32962523090 0.07148033835 16.63455113340 
97 2.08804810327 0.61656389729 1.38287967393 3.43274652585 3.92167422079 
98 25.52068071870 18.61969716690 10.34843082790 0.06539469864 1.83841186831 
99 0.69453710440 0.07448989578 0.11743836757 19.86129136910 0.31765019614 
100 44.05830222880 19.60878755080 0.80339510395 0.64391423667 2.50753893101 
101 9.20475998954 1.86205110257 4.24182596568 10.09207565320 0.70047141425 
102 3.33196058457 12.36669481180 12.07844761660 8.81951299962 5.14202544996 
103 0.11135310540 5.40867836306 5.85511789535 3.77660915050 3.10785246721 
104 1.04733690432 19.54343007930 19.28990763770 11.48192102760 5.26553614486 
105 18.13720964140 4.60294410289 2.34009638376 6.54889079264 17.01644728410 
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Appendix G: Kriging Interpolation Parameters 
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Appendix H: Kriging Interpolation Map Results 
Maximum depth to bedrock
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Oi + Oe Thickness
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A Horizion Thickness
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A Horizon Value
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A Horizon Chroma
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Appendix I: Discriminant Function Analysis Results 
Present Community Type 
A horizon thickness using 95 usable sampling points 
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Successional History  
 
A horizon thickness using 95 usable sampling points:      
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Appendix J: Box-and-Whisker Results  
  
A horizon depth by Successional History category 
 
  
A horizon depth by 2010 Present Day Observed Vegetation category 
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Appendix K: LiDAR 2008 Results 
 
  
 
 
